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Abstract 
In the long run, Water transfer project will cause natural environmental changes in structure and function, and 
inevitably cause cumulative impacts on water environment. The features of cumulative impact on the water 
environment from water transfer have been comprehensively exposited in this paper, and by building numerical 
model, system simulates the process of cumulative impacts on the water quality. Results show that the eastern water 
transfer project may cause cumulative impact on water environment, the affected region mainly locates in the north 
intake area, and the type Ⅲ water is the critical threshold for the occurrence of the cumulative impacts. 
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1. Introduction 
The South-to-North Water Transfer Project is a great strategic project which solves the prolem of 
water shortage in Nothern China. With the planning, design and construction of the South-to-North Water 
Transfer Project, researchers conducted a study on environmental problems that may be caused by the 
water transfer project, but consideration of environmental cumulative impacts are rarely reported. In view 
of this, by building water environment numerical model, a systematic study about cumulative impacts on 
water environment has been made in this article. Water transfer project uses cascade pumping station to 
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carry water step by step, adjacent channels connect end to end, the pump station will have inevitable 
cumulative impact on runoff, water temperature, water quality, sediment and aquatic animals and 
plants[1]. 
2. One-dimensional hydrodynamic water quality model 
This paper constructs a one-dimensional hydrodynamic water quality model, so as to analise and 
evaluate water quality changes under the process of long distance water supply. 
2.1. Model Construction 
This article considers channel cross-section mean hydraulic elements under the analysis of the macro 
level, assuming that rivers flow in river channels is one-dimensional. Objective and concise Saint-Venant 
equations in expression are used to describe the flow model. The form of Saint-Venant equations 
considering of channel lateral inflow is as follows[2-3]: 
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Where A-the area of flow section, m2; Q-water flow, m3/s; t-time, s;X-distance from a fixed cross 
section of the channel along the flow distance, m;Q-unit river length of lateral inflow, m2/s; the meaning 
of symbols is the same in the following part. 
Momentum equation:          
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Where z-level, m; u-section average velocity, m/s; g-acceleration due to gravity, 9.8 m2/s.
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friction term, calculated by the Manning formula, Cn and R are canals section chezy coefficient and 
hydraulic radius.respectively. 
In one-dimensional model, we assume that the migration of pollutants in the river channel occurs only 
in the vertical axis direction. As the water migration process with water flow includes several aspects, 
such as convection, molecular diffusion, turbulent diffusion and dispersion processes.The water quality 
model basic equation is: 
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Where A-cross section area, m2; C-the concentration of pollutants in the river, mg/l; t-time,s; Em-
molecular diffusion coefficient, m2/s; Ex-turbulent diffusion coefficient, m2/s; Dx-longitudinal dispersion 
coefficient, m2/s; x-section from the canals in a fixed distance along the flow, m; S-source omissions, mg 
/l•d. 
2.2. Model of the input files 
This model mainly includes data input, the main procedures for the operation of computing, data 
output. The input data of the model is from the 4 main documents which are the controlling parameter in 
the model file, river terrain profile, boundary condition parameter files and lateral inflow, outflow 
parameter file[4-5].  
3. Eastern water canal system analysis and evaluation of cumulative impacts 
Through the construction and improvement of water quality numerical model, water environment 
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quality and water cumulative impact condition can be obtained through analysis of the numerical results. 
3.1. Simulation process 
Eastern Water Transfer Project first be canal generalized, the first east line water supply system is 
discretized into 28 sub-sections. with basic data for all the hydraulic parameters of the 28 river cross-
sections is assigned for establishing space network topology. The time domain of simulation is a year, the 
maximum calculating time step is hours (h), the stress period and the simulation time step is set which is 
divided into 365 stress period, the time period of this model is 0.25h. 
3.2. Numerical simulation results 
 
 
Fig. 1.   BOD5 gross comparison chart      (left)         
Fig. 2.  CODMn gross comparison chart    (right) 
 
 
Fig. 3.  NH3-N gross comparison chart    (left)                         
Fig. 4.  BOD5 monthly average change trend(right) 
 
 
Fig. 5.  CODMn monthly average change trend   (left)                
Fig. 6.  NH3-N monthly average change trend(right) 
The Luoma Lake-Fang Ting river is selected for the bit line boundary ditch section of the water 
diversion channel, by comparing the total quantity of the pollution of the north to that of the south in the 
1-4 month, as shown in Figure 1 to 3, it can be seen from the graph, the total quantity of the all channels 
pollutant on the north to Luoma Lake-Fang Ting River is generally larger than that on the south, it means 
the three water quality indexes (BOD5, CODMn, NH3-N)shows the cumulative effect. From the chart 
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quantitative analysis, the difference about less than 20%, so the occurrence of cumulative is deemed as 
mild phase. From Figure 4 to 6, at 1-4 month BOD5, CODMn, and NH3-N shows a increasing trends for 
the monthly average concentration, the increasing cumulative trend along with the water transfer process 
becomes more and more obvious, north is more serious, and increasing cumulative rate is also less than 
20%. 
3.3. Cumulative impact assessment of water quality 
As shown in Figure 7 which is the cumulative effect of route chart, according to the classification of 
surface water environmental function level, water accumulation index are introduced for the grade 
evaluation of the pollutants in water, include mild, moderate and severe. For the guide of the national 
standard GB3838-2002"environmental quality standards for surface water" and water function 
classification standard, with the related simulation results and class III water quality indicators can be 
regarded as the occurrence zero threshold of water accumulation effect. If the water quality meets or 
inferior to the III water quality, it may occur the cumulative effect of water environment quality. Relation 
of the Water quality condition and accumulation degree is shown in figure 8. 
 
 Fig. 7.  the cumulative effect of route chart (left)                   
 Fig. 8. the water quality accumulation level diagram (right) 
4. Conclusion 
Through the construction of one-dimensional river network water quality model, a comprehensive 
analysis of cumulative impact characteristics is done and the water environment cumulative effects is 
evaluated. East Route Water Transfer Project long-term continuous operation may lead to the cumulative 
effect of water environment; The water quality indexes average concentration show increasing trend, and 
the cumulative effects mainly occur in the north of china; The class III water quality indicators as the 
occurrence of water accumulation effect"trigger point"or"zero threshold", can be considered if the 
transfer water quality inferior to the class III it may lead to the cumulative effect. 
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